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MULTI'MODE/MULTI'BAND POWER AMPLIFIER 

Field of the Invention 

[0001] The present invention relates to a power amplifier for wireless 
5 communications, and more particularly relates to a power amplifier for use in 
multi-mode wireless communication devices. 

Backoround of the Invention 

[0002] The present invention is particularly useful in mobile terminals, such 

10 as personal communication assistants, pagers, headsets, wireless modems, 
analog and digital cellular telephones, and the like. Since many of these 
devices are battery-powered, amplifier efficiency is preferably maximized to 
extend battery life. When amplifiers are designed for their highest efficiency 
in converting DC energy into RF energy, parasitic losses are minimized, 

15 bandwidths are reduced to a bare minimum, harmonics are terminated, and 
high-Q matching networks are employed. Unfortunately, these design goals 
are counter to current approaches used to implement multi-mode amplifiers 
capable of operating at multiple frequencies, because multi-mode amplifiers 
are required to operate over a relatively wide bandwidth. 

20 [0003] Most RF power amplifiers are designed to operate over a single 
band of frequencies. If coverage is desired for one or more additional 
frequency bands, a multi-band amplifier is typically created. For a dual-mode 
application, the most straightfonA^ard approach is to simply use two amplifiers 
and switch between them to select a desired band for transmission. However, 

25 using additional amplifiers increases the power consumption of the device, 
which results in decreased battery life, and increases the die area of the 
power amplifier As such, there is a need for an improved and efficient multi- 
mode amplification technique. 

30 Summary of the Invention 

[0004] The present invention provides a wideband power amplifier for a 
multi-mode or multi-band wireless communication device. The wideband 
power amplifier is configured to amplify signals in different frequency bands 
corresponding to different operating modes. In general, the wideband power 
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amplifier includes multiple matching circuits that operate to combine the 
signals in the different frequency bands and provide a combined signal to 
each transistor in an output stage of the wideband power amplifier. 
[00051 Accordingly, the present invention relates to a radio frequency 
communication system including radiating circuitry and a wideband power 
amplifier output stage. The radiating circuitry includes an antenna and has a 
load impedance. The wideband power amplifier output stage is coupled to the 
radiating circuitry and amplifies a radio frequency signal in each of a plurality 
of frequency bands corresponding to a plurality of operating modes. The 
wideband power amplifier output stage includes an output transistor array 
comprising multiple output transistors and multiple matching circuits each 
adapted to couple the radio frequency signal in a corresponding one of the 
plurality of frequency bands to a first terminal of each of the multiple output 
transistors. 

[0006] In one embodiment, each of the multiple matching circuits includes 
multiple capacitive circuits coupling the signals in the different frequency 
bands to each transistor in an output stage of the wideband power amplifier. 
Each of the multiple matching circuits further includes at least one inductive 
shunt circuit coupled to inputs of the multiple capacitive circuits. The 
matching circuits have impedances that vary based on frequency. Each of 
the matching circuits has a small impedance in the corresponding one of the 
plurality of frequency bands and a large impedance in others of the plurality of 
frequency bands. 

[0007] In another embodiment, the radio frequency communication system 
also includes multiple amplification stages that amplify the radio frequency 
signal in each of the plurality of frequency bands and provide an amplified 
radio frequency signal in each of the plurality of frequency bands. Each of the 
multiple amplification stages includes multiple amplification circuitries that 
each amplify the radio frequency signal in one of the plurality of frequency 
bands and provide the amplified radio frequency signal in the one of the 
plurality of frequency bands to a corresponding one of the plurality of 
capacitive circuitries. 

[0008] In yet another embodiment, the radio frequency communication 
system also includes a bias network that provides bias signal to the wideband 
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power amplifier output stage and to any additional amplification stages. In an 
embodiment wherein the system includes the multiple amplification stages 
described above, the bias network provides bias signals to each of the 
amplification circuitries in each of the multiple amplification stages. In 
5 operation, the bias network provides the bias signals such that select ones of 
the multiple amplification circuitries corresponding to the select frequency 
band are active and others of the multiple amplification circuitries not 
corresponding to the select frequency band are inactive. 
[0009] In yet another embodiment, the output power of the radio frequency 
10 communication system can be controlled by bias signals provided to each 
amplification stage. Alternatively or in addition, the output power may be 
controlled by controlling supply voltages provided to each of the amplification 
stages. 

[0010] Those skilled in the art will appreciate the scope of the present 
15 invenfion and realize additional aspects thereof after reading the following 
detailed description of the preferred embodiments in association with the 
accompanying drawing figures. 

Brief Description of the Drawing Figures 

20 [001 1] The accompanying drawing figures incorporated in and forming a 
part of this specification illustrate several aspects of the invention, and 
together with the description serve to explain the principles of the invention. 
[0012] Figure 1 is a schematic representation of a mobile terminal 
configured according to one embodiment of the present invention. 

25 [0013] Figure 2 is a schematic representation of power amplifier circuitry 
configured according to one embodiment of the present invention; and 
[0014] Figure 3 is a schematic representation of power amplifier circuitry 
configured according to another embodiment of the present invention. 

30 Detailed Description of the Preferred Embodiments 

[0015] The embodiments set forth below represent the necessary 
information to enable those skilled in the art to practice the invention and 
illustrate the best mode of practicing the invention. Upon reading the 
following description in light of the accompanying drawing figures, those 
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skilled in the art will understand the concepts of the invention and will 
recognize applications of these concepts not particularly addressed herein. It 
should be understood that these concepts and applications fall within the 
scope of the disclosure and the accompanying claims. 

5 [0016] The present invention may be incorporated in a mobile temiinal 20, 
such as a mobile telephone, wireless personal digital assistant, or like 
communication device. The basic architecture of a mobile temiinal 20 is 
represented in Figure 1 and may include a receiver front end 22, a radio 
frequency transmitter section 24, an antenna 26. a duplexer or switch 28, a 

10 baseband processor 30. a control system 32, a frequency synthesizer 34, and 
an interface 36. The receiver front end 22 receives information bearing radio 
frequency signals from one or more remote transmitters provided by a base 
station. A low noise amplifier 38 amplifies the signal. A filter circuit 40 
minimizes broadband interference in the received signal, while 

1 5 downconversion and digitization circuitry 42 downconverts the filtered, 
received signal to an Intermediate or baseband frequency signal, which is 
ttien digitized into one or more digital streams. The receiver front end 22 
typically uses one or more mixing frequencies generated by the frequency 
synthesizer 34. 

20 [0017] The baseband processor 30 processes the digitized received signal 
to extract the information or data bits conveyed in the received signal. This 
processing typically comprises demodulation, decoding, and error correction 
operations. As such, the baseband processor 30 is generally implemented in 
one or more digital signal processors (DSPs). 

25 [0018] On the transmit side, the baseband processor 30 receives digitized 
data, which may represent voice, data, or control infomiation, from the control 
system 32, which it encodes for transmission. The encoded data is output to 
the transmitter 24, where it is used by a modulator 44 to modulate a carrier 
signal that is at a desired transmit frequency. Power amplifier circuitry 46 

30 amplifies the modulated carrier signal to a level appropriate for transmission 
according to a power control signal 48, and delivers the amplified and 
modulated carrier signal to antenna 26 through the duplexer or switch 28. 
Optionally, the transmitter 24 may include a matching network 50. The 
matching network 50 has a variable impedance that may be controlled by a 
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matching control signal 52 in order to accommodate various antennas 26 
having different load impedances. If included, the matching network 50 
operates to transfomi the load impedance of the antenna 26 Into a predefined 
load impedance. 

5 [001 9] The modulator 44 and power amplifier circuitry 46 are configured to 
operate in multiple modes, which requires transmission of modulated carrier 
signals at different frequencies depending on the desired mode. Within any 
given mode, power levels are typically dictated by a servicing base station. 
Further, the power amplifier circuitry 46 may be biased for saturated operation 

10 for one mode and linear operation in another. Further details are provided 
below. 

[0020] A user may interact with the mobile terminal 20 via the interface 36, 
which may include interface circuitry 54 associated with a microphone 56, a 
speaker 58, a keypad 60, and a display 62. The interface circuitry 54 typically 

15 includes analog-to-digital converters, digital-to-analog converters, amplifiers, 
and the like. Additionally, it may include a voice encoder/decoder, in which 
case it may communicate directly with the baseband processor 30. 
[0021] The microphone 56 will typically convert audio input, such as the 
user's voice, into an electrical signal, which is then digitized and passed 

20 directly or indirectly to the baseband processor 30. Audio information 

encoded in the received signal is recovered by the baseband processor 30, 
and converted by the interface circuitry 54 into an analog signal suitable for 
driving speaker 58. The keypad 60 and display 62 enable the user to interact 
with the mobile terminal 20, input numbers to be dialed, address book 

25 information, or the like, as well as monitor call progress infonmation. 

[0022] With reference to Figure 2, an amplifier and control configuration of 
a one embodiment of the present invention is described In detail. According 
to the present invention, modulated signals in frequency bands, f^ and f2, from 
the modulator 44 are received by the power amplifier circuitry 46 at input 

30 nodes A and B, respectively, and combined at the base of each transistor in 
an output amplification stage 64 of the power amplification circuitry 46. The 
output amplification stage 64 includes an output transistor array, Q1-QN. 
Preferably, the output amplification stage 64 provides wideband amplification 
for all frequency bands, fi and f2. For each of the output transistors Q1-QN, 
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the modulated signals in the frequency bands, f^ and fa, are combined using 
separate blocking capacitors, C1 and C2, for each of the frequency bands, f^ 
and ^2. 

[0023] The blocking capacitors, C1 and C2, in combination with first and 
5 second inductors, L1 and L2. form first and second matching circuits. The first 
matching circuit (C1 and L1) has a small impedance in the first frequency 
band, fi, and a large impedance in the second frequency band, /2. The 
second matching circuit (C2 and L2) has a small impedance in the second 
frequency band, f2, and a large impedance in the first frequency band, f^. 

10 Thus, when operating in the first frequency band, f^, the modulator 44 
provides the modulated signal in the first frequency band, f^, Since the 
second matching circuit (C2 and L2) has a large impedance in the first 
frequency band, f^, the second matching circuit (C2 and L2) is effectively 
removed from the signal path of the modulated signal, thereby preventing 

15 perturbations in the modulated signal due to the second matching circuit (C2 
and L2). Similarly, when operating in the second band, ^2, the modulator 44 
provides the modulated signal in the second frequency band, f2. The large 
impedance of the first matching circuit (CI and L1) in the second frequency 
band, f2, effectively removes the first matching circuit (CI and LI) from the 

20 signal path of the modulated signal, thereby preventing perturbations in the 
modulated signal due to the first matching circuit (CI and LI). It should be 
noted that the first and second matching circuits described above are merely 
exemplary and not limiting. 

[0024] A bias network 66 is provided for controlling bias provided to the 
25 output amplification stage 64. The bias network 66 is configured to provide 
bias sufficient to support the type of amplifier operation, either linear or 
saturation, and amount of amplification desired to provide appropriate output 
power levels. As discussed above, the output amplification stage 64 may be 
provided by the array of identical transistors Q1 through QN. In this 
30 configuration, each transistor Q1 through QN receives identical bias from the 
bias network 66 through resistors R1i through RIn. Notably, the collectors of 
transistors Q1 through QN are coupled together to provide a common output 
signal to a load Rload» which represents the load of antenna 26. The 
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collectors of the transistors Q1 through QN may be coupled to the load Rload 
via a capacitor C3 and optionally the matching networl< 50. 
[0025] As noted, the bias network 66 will provide sufficient bias to ensure 
efficient operation for the given mode. If the desired mode requires the 
5 transistors Q1 through QN to operate in a linear fashion, the bias is adjusted 
to provide efficient linear operation. If the desired mode requires transistors 
Q1 through QN to operate in saturation, the bias is adjusted to provide 
efficient saturation operation. Further, the output amplification stage 64 can 
be configured to operate in saturation mode for one frequency band and in 

10 linear mode for another frequency band, if so desired. 

[0026] Figure 3 illustrates another embodiment of the power amplification 
circuitry 46 of the present invention. In this embodiment, the power 
amplification circuitry includes first and second amplification stages 68 and 70 
and the output amplifier stage 64 of Figure 2. The operational details of the 

15 output amplification stage 64 are as described above with reference to Figure 
2. In general, the first and second amplification stages 68 and 70 operate to 
separately amplify the modulated signals in the first and second frequency 
bands, and fa, from the modulator 44. The first amplification stage 68 
includes a first transistor array including transistors QA1 i-QAIni. Each of the 

20 transistors QA1 1-QAI ni receives the modulated signal in the first frequency 
band, f^, via corresponding coupling capacitors CAIrCAIm and operates to 
amplify the modulated signal in the first frequency band, f^. The first 
amplification stage 68 also includes a second transistor array including 
transistors QA2i-QA2ni. Each of the transistors QA2rQA2Ni receives the 

25 modulated signal in the second frequency band, fa, via corresponding coupling 
capacitors CA2rCA2Ni and operates to amplify the modulated signal in the 
second frequency band, fa. The transistors QA1i-QA1ni and QA2i-QA2Niare 
biased by the bias network 66 (Figure 2) via resistors RA1r RA1ni and RA2r 
RA2ni, respectively, using bias signals BIASai and BIASa2. 

30 [0027] In a similar fashion, the second amplification stage 70 includes a 
third transistor array including transistors QB1rQBlN2. Each of the 
transistors QB1rQBlN2 receives the amplified signal in the first frequency 
band, fi, from the first amplification stage 68 via corresponding coupling 
capacitors CB1i-CB1n2 and operates to further amplify the amplified signal in 
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the first frequency band, fi. The second amplification stage 70 also includes a 
fourth transistor array including transistors QB2i-QB2n2. Each of the 
transistors QB2i-QB2n2 receives the amplified signal in the second frequency 
band, fa, from the first amplification stage 68 via corresponding coupling 
capacitors CB2i-CB2n2 and operates to further amplify the amplified signal in 
the second frequency band, f2. Thie transistors QB1i-QB1n2 and QB2i-QB2n2 
are biased by the bias network 66 (Figure 2) via resistors RB1i- RB1n2 and 
RB2i- RB2n2, respectively, using bias signals BIASbi and BIASb2. In this 
embodiment, it is important to note that bias control network 66 controls the 
output power and mode of operation of the power amplification circuitry 46. 
The mode of operation of the power amplification circuitry 46 is controlled by 
controlling the bias supplied to the transistors QA1i-QA1ni, QA2i-QA2ni, 
QB1i-QB1n2, and QB2i-QB2n2, thereby controlling which of the first and 
second frequency bands, fi and f2, is amplified. 

[0028] In operation, when operating in the first frequency band, fi, the bias 
signals (BIASa2 and BIASb2) are such that the transistors QA2i-QA2ni and 
QB2i-QB2N2are turned off. The blocking capacitors C2i-C2n and inductor 
LB2 form a second matching circuit having an impedance that varies based 
on frequency. In the first frequency band, fi, the impedance of the second 
matching circuit is large, thereby effectively removing the second matching 
circuit from the signal path of the further amplified signal in the first frequency 
band, U, and preventing perturbation of the further amplified signal in the first 
frequency band, U. When operating in the second frequency band, fz, the 
bias signals (BIASai and BIASbi) are such that the transistors QA1i-QA1ni 
and QB1i-QB1n2 are turned off. The blocking capacitors C1i-C1n and 
inductor LB1 form a first matching circuit having an impedance that varies 
based on frequency. In the second frequency band, fz, the impedance of the 
first matching circuit is large, thereby effectively removing the first matching 
circuit from the signal path of the further amplified signal in the second 
frequency band, fi, and that preventing perturbation of the further amplified 
signal in the second frequency band, fz. 

[00291 The transistors QAIrQAIm, QA2rQA2Ni, QB1i-QB1n2, QB2r 
QB2n2, and Q1-QN are preferably heterojunction bipolar transistors (HBTs) 
formed on a single semiconductor and equally sized to form corresponding 
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transistor arrays. However, the inventive concepts defined herein are 
independent of technology (SI, GaAs, SiGe, etc.) as well as device type (BJT, 
FET, MESFET, HBT, etc.). Further information pertaining to the transistor 
arrays illustrated In Figures 2 and 3 may be found In U.S. Patent Numbers 

5 5,608,353, HBT POWER AMPLIFIER, Issued March 4, 1997; and 5,629,648, 
HBT POWER AMPLIFIER, issued May 13,1997, which are assigned to RF 
Micro Devices, Inc. of 7628 Thorndike Road, Greensboro, North Carolina 
27409, and wherein the disclosures are Incorporated herein by reference in 
their entirety. Exemplary bias networl<s 66 capable of being used in 

10 association with the present invention are described in further detail In U.S. 
Patent Application Number 09/467.415, entitled BIAS NETWORK FOR HIGH 
EFFICIENCY RF LINEAR POWER AMPLIFIER, filed December 20, 1999, 
currently pending, the disclosure of which is incorporated herein by reference 
In its entirety. Upon understanding the present invention, those skilled in the 

1 5 art will be able to construct any number of bias networks that are compatible 
with the present invention. 

[0030] The present invention provides substantial opportunity or variation 
without departing from the spirit or scope of the present invention. For 
example, although Figures 2 and 3 illustrate embodiments of the present 

20 invention that combine the modulated signals In the first and second 
frequency bands, f^ and f2, it should be noted that the present Invention 
equally applies to combining modulated signals in any number of frequency 
bands at the base of the transistors in the output amplification stage. 
Additional frequency bands may be accommodated by adding additional 

25 capacitors at the base of each of the transistors in the output amplification 
stage, wherein the additional capacitors respective modulated signals In the 
additional frequency bands provided by the modulator 44. As another 
example, in addition to or as an alternative to controlling the bias of the 
transistor an-ay, the power amplification circuitry 46 may include circuitry for 

30 controlling the supply voltage, Vcc. supplied to the transistor an-ay and the 
output power of the mobile terminal 20. Such power control circuitry may be 
found In U.S. Patent Application Number 09/979,659. entitled SINGLE 
OUTPUT STAGE POWER AMPLIFICATION FOR MULTIMODE 
APPLICATIONS, filed October 11, 2001 , currently pending, the disclosure of 
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which is incorporated herein by reference in its entirety. As yet another 
example, although the capacitors CA1i-CA1ni, CA2rCA2Ni, CB1i-CB1n2, 
CB2i-CB2n2, C1i-C1n, and C2i-C2n and bias resistors RA1i-RA1ni, RA2i- 
RA2ni. RB1i-RB1n2, and R1i-R1n are illustrated as single elements, It should 
5 be noted that each may be an array of elements. 

[0031] Those skilled in the art will recognize improvements and 
modifications to the preferred embodiments of the present invention. All such 
improvements and modifications are considered within the scope of the 
concepts disclosed herein and the claims that follow. 



